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*L MAGNETODYNAMICS OF FLUIDS 

FLOW I N  A CONDUIT OF AN ELECTFUCAUY CONDUCTING 
FLUID UNDER THE ACTION OF A NONUNIFORM 

Roger Peyret 3764" 1 
The two-dimensional flow i n  mean-square time, i n  a plasma 

acce lera tor  w i t h  progressive waves i s  discussed, specif i -  
/ 

tally t&.ir\.g h t o  consideraticn the  e f f ec t  cf t h e  axial 

component of t he  magnetic f i e l d ,  The so lu t ion  obtained 

by t h e  l inear iza t ion  method permits calculat ing t h e  ac- 

ce le ra t ion  of the  f l u i d  and demonstrates a confinement 

e f fec t .  

1. Two previous papers (Bib1.1, 2) were 

nonstationary flow i n  a progressive-wave plasma accelerator ,  i n  a one-dimension- 

a1 approxjmation (zero transverse veloci ty) .  The e f f e c t s  of t he  component along 

t h e  axis of t h e  conduit of t h e  applied magnetic f i e l d  and t h e  e f f ec t s  of t h e  

induced f i e l d s  a r e  negl igible .  The height of t he  channel 2h is assumed as small 

with respect t o  the  wavelength X of t h e  progressive ve loc i ty  field;. 

I n  t h e  present paper, cer ta in  of these hypotheses are abandoned and t h e  

following i s  assumed: 

zero (Rma neglected);  b )  an interact ion parameter Rmp = R I I & ( ~ C L P O ~  )-' small 

but  no t  zero [ ( ~ L P ) ~  neglected]; c)  6 = h/X, a rb i t r a ry ;  d)  only the  mean value 

a )  a magnetic Reynolds number Rm = Cco;vabX, small but no t  

-hz 

of t h e  flow with t i m e  i s  considered; consequently, t he  independent var iables  

are x and y (where Ox has t h e  direct ion of t h e  channel axis) .  Under these 

* Numbers i n  t h e  margin ind ica te  pagination i n  t h e  o r i g i n a l  foreign text. 
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hypotheses, i t  i s  assumed t h a t ,  f o r  mean floi  magnitudes, a double asymptotic 

expansion exists which proceeds i n  accordance with t h e  two small parameters RmP 

and Rm, of t h e  form* 

: A  A 

( *  Q ( X n ~ ; Q m 3 ,  R 4) = . r : , A m ?  l , ~ ~ ~ , ~ ; ~ ~ + ~ - ~ ~ ( ~ , y ; ~ ) . . ~ ~ + , , ,  

= t; - 'G P 3 i')(x, > ; Gh, J ) ',. 

The equations, t ak ing  t h e  limit conditions i n t o  consideration, demonstrate 

t h a t ,  f o r  the  aerodynamic quant i t ies ,  such a double expansion does not contain 

terms i n  powers of Rm. 

/2 

I n  dimensionless quant i t ies ,  w e  have: 

e -  - V "  
& = &/&$ , % - = V / J a c  , 7% ;;/A , 'd=  5 /  A ,  *,= a&* 

[ f o r  t h e  other  quant i t ies ,  see  another paper (Bibl. l)];  t h e  equations f o r  t h e  

mean perturbation flow can then be writ ten as 

with t h e  limit conditions: 

Equations (1) and (2)  are t h e  equations of t he  quan t i t i e s  of motion; eq.(3) i s  

a combination of t he  equations of continuity,  energy, and state ( i d e a l  gas). 

The second t e rns  of eqs . ( l )  and (2)  contain t h e  electromagnetic force;  i t s  two 

components depend on y and, i n  addition, i t s  transverse component i s  p r o p o r  

t i o n a l  t o  Fun, 

* The meaning of t h e  l e t t e r s  and symbols is iden t i ca l  t o  t h a t  given elsewhere 
(Bib1.1). 

2 

. .  



2. This system i s  equivalent t o  a wave equation with a second term f o r  

each of t h e  unknowns u ( l )  , v'" , p(') which can be reduced by t h e  c l a s s i c a l  

method of wave equation solution. Since t h e  l i m i t  conditions a r e  given on t h e  

s t r a i g h t  lines x = 0 and y = G ,  t he  solution (which is continuous) has a dif- 

fe ren t  form i n  each of t h e  regions defined by these two s t r a igh t  lines, by t h e  

charac te r i s t ics  or ig ina t ing  at  t h e  points  (x = 0, y = +l), (x = 0, y = -I), 

and by t h e  cha rac t e r i s t i c s  re f lec ted  along t h e  walls ( see  Fig.1). 

i n  t h e  regicn ' J ,  [(a?+, (hl-, (a + 111, for 2'') ami v"), f o r  example, is 

written as follows: 

f2 
The so lu t ion  

with 

3. Figure 2 shows t h e  acceleration of t h e  f l u i d  d o n g  t h e  d s  ( y  = 0, 

0) f o r  t h ree  values of 6 ( 6  = 0; 0.1; 0.2) and f o r  Rm = 0. The i n t e r v a l  v(l) = 

of t h e  inves t iga ted  values of x approximately corresponds t o  t h e  length of t h e  

3 
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accelerator.  

var ia t ion:  

qu i t e  negl igible .  

It i s  obvious t h a t  u ( l )  is  a decreasing function of 6 of slow 

The ef fec t  of t h e  height of t h e  channel on the  accelerat ion is thus 

For Rm f 0, the  accelerat ion i s  s l i g h t l y  decreased: Under t h e  conditions 

involved here, a t  Rm = 0.3 and i n  t h e  invest igated interval. of x, this decre- 

ment does not exceed 3 X 

A t  t h e  wall ( y  = d), t h e  velocity i s  s l i g h t l y  greater  than along the  a x i s ;  

tku, for 6 = 0.1, t h e  i i c rmer , t  is of t he  order of 2 2 x 10% 

4. Figure 3 shows t h e  evolution of t h e  mass r a t e  of flow of perturbation 

( J1)  + b p ( l )  )at t h e  w a l l  

Rm = 0.3 i n  t h e  case of 6 = 0.1. These curves demonstrate t h a t  t h e  f l u i d  has 

a tendency t o  approach t h e  channel axis so that a confinement e f f ec t  appears, 

even i f  Rm = 0. I n  this l a t t e r  case, t he  electromagnetic force which becomes 

purely axial i s  greater  along t h e  walls than along the  a A s .  

a t ion  of t h e  f l u i d  i s  greater along the w a l l  while, conversely, P") decreases 

so rapidly that t h e  group (u ' l )  + 

of x f o r  y = 4 3 ,  whereas it i s  pos i t ive  and increasing f o r  y = 0. 

more generally,  t h e  confinement e f fec t  i s  increased i f  Rm o r  6 increase.  

( y  = r t l )  and along t h e  a x i s  (y  = 0) f o r  Rm = 0 and 

Thus, t h e  acceler- 

) is  a negative and decreasing function 

Speaking 

These results must be correlated with those obtained elsewhere (Bibl.3) 

f o r  t h e  case of a s l i g h t l y  d i f f e ren t  electromagnetic force. 

5.  A s  i n  t h e  l inear ized  study of t h e  one-dimensional approximation 

( B i b l - l ) ,  t h e  solut ion of  eqs . ( l )  - (3)  represents  t h e  flow as long as x is  

s u f f i c i e n t l y  low t o  have t h e  term Rm"p(') be small with respect t o  (fb . 
BIELIOGRAPHY 

1. Peyret ,  R. and Moulin, Th: Comptes rendus, Vo1.259, p.1810, 1964. 

4 

Lz 

. .  



2. Peyret,  R.: 

3.  Fabri, J. and Moulin, Th.: 

Comptes rendus, Vo1.259, p.2592, 1964. 

llth Internat ional  Congress of Applied Mechanics, 

Munich 1964. 

Jet  Propulsion Laboratorg, California I n s t i t u t e  of  

Technology, Pasadena, California 

5 



, 

NASA 'IT F-9397 

Fig.1 

I 

I 
-10~~- 

Fig.3 
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